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TITLE OF THE INVENTION 



Semiconductor device 

WHAT IS CLAIMED 
CLAIM 1 

A semiconductor device, in which the semiconductor 
element installed on the die pad of the lead frame is resin- 
sealed with a thermosetting resin, characterized in that the 
die pad is smaller than the bottom surface of the 
semiconductor element . 

CLAIM 2 

A semiconductor device, as stated in claim 1, in which 
the semiconductor element is plate-shaped with a bottom 
surface area of 60 mm 2 to 400 mm 2 , the semiconductor element 
die pad installation area is 4 mm 2 to 16 mm 2 , and the sealed- 
package thickness with the thermosetting resin is 1.5 mm to 
4 . 0 mm. 

DETAILED DESCRIPTION OF THE INVENTION 
Scope of Utilization in Industry 

This invention pertains to a semiconductor device that 
has good tolerance to solder thermal shock. 

Prior Art 

A resin-sealed semiconductor device is generally 
manufactured through a series of processes such as die 
bonding of the semiconductor element to the die pad of the 
lead frame, wire bonding, resin sealing, tie-bar cutting, 
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and pin bending. A typical example of this type of resin- 
sealed semiconductor device is the DIP (dual inline 
package) , which is installed on the substrate by inserting 
pins located on both sides of the package. However, to 
increase the installation density, flat packages or PLCCs 
(plastic leaded chip carriers) have been used recently to 
replace DIP packages. These packages are installed by 
direct soldering to the substrate surface. Solder immersion 
or vapor-phase soldering, etc. is done, then the entire 
package is exposed to high temperature during installation. 
Therefore, these packages must be highly tolerant to solder 
thermal shock . 

Recently, chips have become larger and packages thinner. 
The chip size may now be 100 mm 2 or more. When such a large 
chip is packaged in a flat package or PLCC package, they are 
left exposed to air for several hours, and surface mounting 
is done by a method such as solder immersion. In such 
cases, package cracks frequently occur, thus the tolerance 
to humidity after installation is greatly degraded. 

Problems to be Solved by the Invention 

As described above, when using a flat or PLCC package, 
the package must be tolerant to solder thermal shock. 
However, as chip sizes become larger and packages become 
thinner, package cracks occurs more often during surface 
mounting by, for example, solder immersion. A solution to 
this problem is desired. 

This invention aims to solve this problem by providing a 
semiconductor device that is highly tolerant to solder 
thermal shock . 

Means for Solving the Problems 

To achieve the above goal, the die pad is smaller than 
the bottom surface of the semiconductor element in the 
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semiconductor device of this invention, in which resin 
sealing is done by using a thermosetting resin when the 
semiconductor element is installed on the die pad of the 
lead frame. 

The causes of package cracking at surface mounting of 
flat and PLCC packages were studied. The package cracking 
was due to a high concentration of water vapor, and to 
package swelling caused by the sealing resin being pushed to 
the bottom surface from the die pad. Further studies 
revealed that when the die-pad surface area is smaller than 
the silicon-chip bottom area, the concentration of water 
vapor within the sealed resin is lower, and package cracking 
is suppressed, thus leading to this invention. 

This invention is particularly effective for 
semiconductor devices with a flat semiconductor element, 
bottom area is 60 mm 2 or more, namely 60 mm 2 to 400 mm 2 , and 
whose sealed package thickness is 1.5 mm to 4.0 mm. When 
the dimensions of the semiconductor-device die pad's 
semiconductor-element-installation area is 16 mm 2 or less, 
namely 4 mm 2 to 16 mm 2 , the expansion of the bottom area 
during solder heating of the silicon chip is prevented, thus 
suppressing package cracking. 

This invention is not restricted to the surface mount 
packages such as the flat and PLCC packages, and can also be 
applied to DIP packages . 

The epoxy-resin composition includes a silane compound, 
such as a silane coupling material introduced within the 
molecular structure by pre-reaction, a phenolic resin (an 
epoxy-res in-hardening material) , and a hardening accelerator 
to make it effective in preventing package cracks. When 
such a resin is used, the adhesive strength between the 
sealed resin and the chip is 0.5 kg/mm 2 or more, and that 
between the sealed resin and the lead frame is 0.2 kg/mm 2 , 
thus effectively improving the tolerance to solder heat. 

The eppxy resin that can be used is not restricted, and 
various conventional sealing resins for semiconductor 
devices, such as cresol novolak, phenol novolak, and 
bisphenol A, can be used. A resin whose fusing point 
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exceeds room temperature, and which becomes a solid or a 
high-viscosity solution below room temperature, should be 
used. An alkylation phenol novolak epoxy resin, in which 
various alkyl groups, such as tert-butyl groups and methyl 
groups are added to the phenol part, is generally used. A 
novolak epoxy resin with an epoxy equivalent of 160 to 3 00 
and a softening point of 50 to 13 0°C is used as a novolak 
epoxy resin, and the typical cresol novolak epoxy resin. 

The phenol resin used with the epoxy resin acts as an 
epoxy-resin softener, and an alkyl-phenol novolak-resin, 
where alkyl groups such as phenol novolak, cresol novolak, 
and others of the tert-butyl group's alkyl group are added 
to the phenol part, should be used. A novolak resin with a 
softening point of 50 to 110°C and a hydroxyl group 
equivalent of 70 to 180 should be used. 

Various conventional hardening accelerators can be used 
alone or in combinations. Tertiary amine, quantenary 
ammonium salt, imidazole, and boron compound (listed below) , 
are examples of these hardening accelerators. 
Tertiary amine: triethanolamine , tetramethylhexanediamine, 
triethylendiamine, dime thylani line , dimethylaminoethanol , 
dimethylethylaminoethanol , 2 , 4 , 6- (dimethylaminomethyl ) 
phenol, N, N' -dime thy lme thy lpiperazine , pyridine, picoline, 
1, 8-diazabicyclo (5, 4, 0) undecane-7 , benz i ldime thy 1 airline, 
2- (dimethylamino) methylphenol 

Quantenary ammonium salt: dodecyltrimethyl-ammonium-iodate , 
cetyltrimethyl-ammonium-chloride , benzyldimethyl-tetrabutyl- 
ammonium- chloride , s tearyl trimethyl -ammonium-chloride 
Imidazole : 2 -methyl imidazole , 2 -undecylimidazole , 2 - 
ethylimidazole, l-benzyl-2-methylimidazole , l-cyanoethyl-2- 
undecylimidazole 

Boron compound: Tetraphenylboron, tetraphenylborate, N- 
methylmorpholinetetraphenylborate 

In addition to the materials above, a mold-releasing 
agent, an inorganic filler, antimony trioxide, a flame 
retardant such as a phosphorus compound, a si lane compound 
such as a si lane coupling agent, a pigment, and polys iloxane 
can be used. 
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For the sealing resin of this invention, as described 
earlier, a silane compound such as a silane coupling agent 
is pre-reacted, and the epoxy resin and the phenol resin are 
modified beforehand so that they can be used as the main 
"constituents of the epoxy resin. However, the silane- 
modification epoxy resin, the phenol resin, and the silane 
compound (such as the silane coupling agent) can be combined 
as required, and in such a case, the combined silane 
compound then used to process the inorganic filler. 

The mold- releasing agent, can be a conventional long- 
chained carboxylic acid such as stearic acid, a long-chained 
carboxylic-acid metal salt such as palmitic acid, stearic- 
acid zinc, stearic-acid calcium, or a wax such as carnauba 
or montan wax. 

The inorganic filler is not restricted, and conventional 
fused silica powder, talc, silica powder, or alumina powder 
can be used as required. 

As described earlier, the epoxy and phenol resins, which 
are the main constituents of the epoxy resin used for 
sealing, are pre-reacted with a silane compound such as a 
silane coupling agent, and thus modified to achieve strong 
adherence through cross-linking via oxygen of the silicon of 
the semiconductor chip and the silicon in the sealed resin. 

As the compound for modification, a silane compound with 
a functional group such as an amino group, a mercapto group, 
a glycidol group, a hydroxyl group, or a carboxyl group can 
be used. 

Other examples of silane compounds are listed below. 

(1) N- (2-aminoethyl) 3 -aminopropylmethyldimethoxydisilane 

(2) N- (2-aminoethyl) 3 -aminopropyltrimethyloxydisilane 

( 3 ) 3-aminopropyltrimethyloxydisilane 

(4 ) 3-aminopropylmethyldiethoxydisilane 

(5) 3-glycidoxypropyltrimethyloxydisilane 

(6) 3-glycidoxypropylmethyldimethoxydisilane 

(7) 2- (3, 4-epoxycyclohexyl) ethyltrimethyloxydisilane 

( 8 ) 3 -mercaptopropy 1 tr ime thyloxydis i lane 
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Silane compounds (1), (2), (3), (4), and (8) can be used 
to modify the epoxy resin, and (1) to (7) can be used to 
modify the phenol resin. 

The pre-reaction at modification should be done at a 
temperature above the softening point of the epoxy resin or 
the phenol novolak resin, which is 13 0 to 17 0°C. The amount 
of silane compound used for the pre-reaction should be 0.03 
to 15 weight% (abbreviated as % hereafter) . If the amount 
is outside this range, it is difficult to obtain any 
advantage. The preferred range is 0.15 to 3.0%. 

Through the above, the adherence between the sealed 
resin and the semiconductor chip can be greatly improved. 
To' further relax the stress at high temperature, a sealed 
resin with a bending elastic modulus of 50 to 300 ks/mm 2 at 
170°C should be used. 

Advantages of the Invention 

Since the die pad on which the semiconductor element is 
installed is smaller than the bottom surface of the 
semiconductor element, the resistance against thermal shock 
from the solder immersion during surface mounting is high, 
and the humidity tolerance is not degraded after surface 
mounting. In other words, due to this simple structure, the 
semiconductor device of this invention is made highly 
tolerant to solder thermal shock, and its application is 
very practical. Next, the embodiment is described with 
comparison examples . 

Embodiments 1 to 7 

Figures 1 and 2 show the semiconductor device, which has 
a lead frame with the die pad size shown in table 1, on 
which the semiconductor element with the chip size shown in 
table 1 is installed. The sealing resin with the 
composition shown in the table is used, and the resin is 
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sealed by molding at 175°C for two minutes. Hardening is 
done also at 175°C for five hours. In the figures, item 1 
shows the package, item 2 the hanging pin, item 3 the chip, 
and item 4 the die pad. The package-cracking measurements 
•of the semiconductor device are shown in table 1, and all 
embodiments showed good results . 

The flat package was used for embodiments 1 to 4, and 
the DIP package was used for embodiments 5 to 7 . 

A push-pull gauge was used to measure the chip's 
adhesive strength, and the results are given as the shear 
adhesive strength under a typical temperature. The package- 
cracking was evaluated by moisture-absorption testing at 
85°C/85%RH for 48 hours of the molding, and by solder 
immersion for 10 seconds at 215°C. Results are shown in 
table 2 . 

Comparison Examples 1 to 4 

The samples of semiconductor devices shown in figures 3 
and 4, in which the conventional die pad was used as the 
lead frame, which was larger than the chip as shown in table 
2 , were created to correspond to embodiments 1 to 4 . In 
the figure, item 1 shows the package, item 2 the hanging 
pin, item 3 the chip, and item 4 the die pad. Table 2 -shows 
the results of the performance tests applied to these 
samples as described in the embodiments section. 

Table 2 clearly shows that package cracking was much 
more common in the conventional examples compared to the 
embodiments . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows the flat view of an embodiment of this 
invention, figure 2 shows the cross-sectional view of an 
embodiment of this invention, figure 3 shows the flat view 
of a conventional example, and figure 4 shows the cross- 
sectional view of a conventional example. 
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1 : Package 

2 : Hanging pin 

3 : Chip 

4 : Die pad 
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Table 1 
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*1: , Width, *2: Length, *3 : Thickness 

*4: Epoxy-resin composite material manufactured by Nitto 
Denko Corporation 

( a ) Embodiments 

(b) Package size (mm) 

(c) Die pad size W x L (mm) 

(d) Chip size W x L (mm) 

(e) Sealing resin 

(f) Adherence strength 

(g) Resin - chip 

(h) Resin - lead 

(i) Package cracking 
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(a) Comparison examples 

(b) Package size (mm) 

(c) Die pad size W x L (mm) 

(d) Chip size W x L (mm) 

(e) Sealing resin 

(f) Adherence strength 

(g) Resin - chip 

(h) Resin - lead 

(i) Package crack 
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Figure 1 



Figure 2 





Figure 3 
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